Forms of nitrogen , N-NH 4 + , N-org) and phosphorus (P-PO 4 -3 , P-org) were investigated in ground and surface water as well as in precipitation and run-off. The highest concentration of all the investigated compounds was determined in the drain and in run-off. This investigation shows that afforestations and small ponds function as very efficient biogeochemical barriers with regard to N-NO 3 -and P-PO 4 -3 . They do not, however, limit the spread of P-org.
INTRODUCTION
The soils of the Wielkopolska region are characterized by a high filtration feature; thus, the ground and surface water of this region has a high content of chemical compounds. The Institute for Agricultural and Forest Environment of the Polish Academy of Sciences has conducted a long-term study on dissolved mineral and organic compounds in the water of an agricultural landscape, and on dissolved organic compounds and their function in the cycle of organic matter Życzyńska-Bałoniak 1998, Życzyńska-Bałoniak et al. 1990) . Organic compounds, such as humic compounds, amino acids, and phenolic acids, were isolated and identified from soils and water. Moreover, the complexity properties of heavy metals were estimated (Szajdak and Życzyńska-Bałoniak 1994) .
This research deals with the problem of dissolved forms of nitrogen -, N-NH 4 + and N-org) and phosphorus (P-PO 4 -3 and P-org) in ground water under cultivated fields and afforestation, as well as in the surface water of two ponds. The first one is located in an agricultural field, and the second one is adjacent to an afforestation. Additionally, forms of nitrogen and phosphorus were determined in precipitation and run-off. Both these chemical elements participate in different biochemical and chemical processes, conversions, and mechanisms. Contrary to phosphorus, nitrogen is included in an open cycle. N-NH 4 + , N 2 O, NO, NO 2 , and N 2 spread very easily, and are observed in high amounts in precipitation as well as in run-off (Woodmansee, Duncan 1980) . The object of this study was to estimate how small ponds, located in agricultural fields and in afforestation, fulfill the function of a biogeochemical barrier in relation to nitrogen and phosphorus compounds migrating in ground water.
MATERIALS AND METHODS
The investigation was carried out in an agricultural landscape, located 40 km southwest of Poznań (West Polish Lowlands), in two places, 5 km away from each other. The forms of nitrogen (N-NO 3 -, N-NH 4 + , and N-org) and phosphorus (P-PO 4 -3 and P-org) were determined in ground water, and in the water of the drain, as well as in the surface water of a small agricultural catchment pond. The second catchment was a park catchment. In both catchments, the same chemical compounds were examined as in the agricultural catchment. These compounds were determined in the ground water flows to the afforestation from the cultivated field, and in the ground water taken from two places. The first one is 16.5 m, and the second one is 114 m from the edge of the afforestation. Ground water was also taken from the surface water of the small pond adjoining the afforestation. This leaf afforestation included different species of trees, predominantly maple, ash, beech, and hawthorn; but in the undergrowth elder lilac, and a companion crop of maple, ash, and hawthorn predominated. Samples of water were taken once a month during the 1998-2004 period from established and perforated wells used for this investigation, and from two ponds.
The water was filtered and forms of nitrogen and phosphorus were determined (Hermanowicz et al. 1999) . Moreover, forms of nitrogen were estimated in the precipitation and run-off. The precipitation was in: 1998 The precipitation was in: -824 mm, 1999 The precipitation was in: -676 mm, 2000 The precipitation was in: -671 mm, 2001 The precipitation was in: -544 mm, 2002 The precipitation was in: -495 mm, 2004 The precipitation was in: -449 mm, 2004 mm.
RESULTS AND DISCUSSION
The investigation of ground water located on agricultural catchments revealed that the highest concentrations of N-NO 3 -were in drain water. The yearly mean content of N-NO 3 -was 14.79 mg dm -3 . The yearly mean content of N-NH 4 + (3.09 mg dm -3 ) was also the highest. However, the concentrations of N-org in the ground water and in the drain water were similar at 2.87 mg dm -3 and 2.66 mg dm -3 , respectively ( Table 1 ). The highest concentrations of P-PO 4 -3
and P-org were also measured in the drain water and were 0.14 mg dm -3 and 0.6 mg dm -3 , respectively (Table 1) . However, the yearly mean content of the concentrations of N-NO 3 -in ground water flows to the afforestation on the park catchment was Table 1 Contents of nitrogen and phosphorus forms in the water of an agricultural catchment in mg dm 9.36 mg dm -3 . It was observed that the content of ammonium ranged from 1.40 to 4.45 mg dm -3 , and the yearly mean concentration was 2.54 mg dm -3 . The concentrations of organic nitrogen ranged from 0.85 to 5.66 mg dm -3 . The current investigation revealed that organic phosphorus dominated in ground water flows to the afforestation. The yearly mean content of organic phosphorus was 0.53 mg dm -3 (Table 2 ).
The concentrations of all the investigated compounds, with the exception of organic phosphorus, decreased in ground water taken at a distance of 16.5 m from the edge of the afforestation. After the water had flowed 16.5 m from the afforestation, the level of decreases of the following compounds was N-NO 3 --27%, N-NH 4 + -8%, N-org -32%, P-PO 4 -3 -32% (Table 2) . After the ground water had flowed another 97 m through the afforestation (114 m from the edge), the content form of nitrogen and phosphorus in the ground water of the park catchment increased (Table 3 ). The reason for the increase in the nitrogen and phosphorus forms is probably connected with the impact of the soil, which in the afforestation changes after 62 m from mineral into mineral-organic. The degradation of litter probably influences the increase of the nutrient contents in ground water. The litter covers a deep layer of the -in ground water is observed in the first meters of the afforestation. The current authors' other investigation carried out on other catchments also revealed a similar phenomenon (Ryszkowski et al. 1990, Ryszkowski and Życzyńska-Bałoniak 1998) .
The examination of the surface water of two small ponds, the first of which is located in agricultural fields, and the second of which adjoins the afforestation, revealed similar concentrations of nitrogen and phosphorus forms (Table 4 and 5). The content of N-NO 3 -is 89% and P-PO 4 -3 54% higher in the groundwater of a small pond located in an agricultural landscape than in ground water. Similarly, the content of N-NO 3 -and P-PO 4 -3 decreased 61% and 65% in relation to ground water, respectively.
However, the content of N-org increased by 16% and 27% in both ponds. The content of organic phosphorus increased 35% in the park pond. This study shows that the small pond fulfills the function of a biogeochemical barrier in relation to N-org and P-org. Kruk (1999) proves that peatlands do not play any function as a biogeochemical barrier in relation to P-org. It can be postulated that ground water flowing into peatlands is characterized by small P-PO 4 -3 contents and that the concentrations of P-org do not change or increase. This phenomenon depends on the kind of peatlands, on the degree of the decomposition of peat, as well as on the botanical content of the plants.
Table 3
Contents of nitrogen and phosphorus forms in the surface water of a shelterbelt catchment after flow through a 114 m long afforestation in mg dm Recently, Szajdak et al. (2007) have shown that peatland is a very efficient biogeochemical barrier in relation to the N-total form and organic carbon. The current investigation revealed that the high content of different kinds of nitrogen to surface water comes from precipitation and run-off (Table 6) . Organic nitrogen supplies a high content, and the yearly mean content of organic nitrogen in run-off ranged from 6.10 to 17.66 mg dm -3 . The concentrations of N-NH 4 + in the run-off were also high, and ranged from 4.44 to 11.73 mg dm -3 . Ammonium evolutes very easily into the atmosphere, and with precipitation, returns and supplies ammonium deposit in soils. This is the reason for the high content of ammonium in precipitation (Table 6 ).
It was demonstrated that there was a significant correlation in ground water between N-NH 4 + and precipitation during the period of investigations (r=0.627 in 1999, r=0.800 in 2000, r=0.679 in 2001) . The significant correlation between the precipitation and N-NO 3 -was also confirmed elsewhere (r=0.77 in 1997, r=0.690 in 1998, r=0.751 in 1999) (Szajdak et al. 2006) . Table 5 Contents of nitrogen and phosphorus forms in the water of a pond adjoining the afforestation in mg dm Other authors postulated that there was a high supply of nitrogen with run-off into surface water (Shuster et al. 2002) . Huett et al. (2005) suggested that precipitation washes away the nutrients not only from the soils, but mainly from plants. Sapek (2002) postulated that phosphates come to surface water mainly with run-off.
The current investigations revealed a significant correlation between P-org in ground water and precipitation (r=0.600 in 1999, and r=0.710 in 2000). The concentrations of P-org increased in the ground water and drain water by 66% in 1999, and by 86% in 2000 after heavy rain. The increase of P-org in this water is delayed by two months; however, the increase of P-org in the surface water is simultaneous with precipitation. The content of P-PO 4 -3 increases after rain from 65 to 88% in surface water. The correlation coefficient was 0.74 in 1999, and 0.64 in 2001. Kędziora et al. (1995) show the significant impact of precipitation on the concentrations of P-PO 4 -3 in ground water. They postulated the increase of P-PO 4 -3 from 82 to 94% after precipitation, but their investigations were carried out in another catchment. 
